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ABSTRACT

This paper examines gender inequality within the context of an upper-level high school
engineering course recently offered in Texas. Data was collected from six high schools that serve
students from a variety of backgrounds. Among the almost two hundred students who enrolled in
this challenge-based engineering course, females constituted a clear minority, comprising only a
total of 14% of students. Quantitative analyses of surveys administered at the beginning of the
school year (Fall 2011) revealed statistically significant gender gaps in personal attitudes
towards engineering and perceptions of engineering climate. Specifically, we found that compared
to males, females reported lower interest in and intrinsic value for engineering, and expressed less
confidence in their engineering skills. Additionally, female students felt that the classroom was
less inclusive and viewed engineering occupations as less progressive. Gender disparities on all
of these measures did not significantly decrease by the end of the school year (Spring 2012).
Findings suggest that efforts to increase the representation of women in the engineering pipeline
via increasing exposure in secondary education must contend not only with obstacles to recruiting
high school girls into engineering courses, but must also work to remedy gender differences in
engineering attitudes within the classroom.

Keywords: Gender; Inequality; High School; Attitudes

INTRODUCTION

representation in science, technology, engineering, and math (STEM) fields. For example, in 1971,

women comprised 14% of those who earned a bachelor’s degree in physical science and 30% of those
with a degree in biology. By 2009, those percentages increased to 41% and 60% respectively (U.S. Department of
Education, 2012). Regarding engineering, less than 1% of bachelor degree earners in 1971 were female, compared
to a corresponding percentage of 18% in 2009. While this clearly indicates a substantial increase, engineering
nevertheless stands out as the STEM postsecondary field most in need of improvement in terms of gender equality
in representation.

@ ver the past several decades, women have made substantial strides towards more equitable

Concerns about females’ relative absence from engineering have been typically focused on the
postsecondary level (as well as on the labor force). However, there has been recent growth in the availability of
engineering courses at the high school level; specifically, the percentage of students taking engineering courses in
high school increased from approximately 1% in 1982 to about 8% in 2009 (Snyder & Dillow, 2012). High school
engineering courses offer a new location in the educational pipeline that is in need of further study, particularly
regarding gendered patterns. Optimistically, it is possible that such courses could serve a transformative function,
bringing large numbers of young females into contact with engineering, dispelling stereotypes about the field, and
increasing their interest in the field while bolstering their confidence. Yet given the vast literature on obstacles to
gender equity in STEM (which we review in the next section), there is reason to expect that such courses may
simply mirror disparities observed at the postsecondary level.

This study examines a new high school engineering course offered in several school districts in Texas. We
collected survey data to address three specific questions. First, to what extent are females under-represented?
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Second, upon enrollment in this course, are there gender differences in personal attitudes towards engineering as
well as perceptions of engineering climate? Third, to what extent do any gender disparities in attitudes observed at
the beginning of the year change after a year-long first-hand experience with engineering? In addressing these
questions we contribute new information to the literature on gender inequality in engineering and other STEM
fields.

BACKGROUND
The Importance of Attitudes

While historically there was evidence that females were less qualified to pursue advanced levels of
education and occupations in STEM fields because of lower achievement, this is no longer the case (Riegle-Crumb
et al., 2012; Xie & Shauman, 2003). Although gaps on some standardized tests remain, these are typically small in
magnitude (Hyde & Linn, 2006). Females outperform males on grades earned in math and science classes in high
school, take similar levels of advanced courses in high school, and generally have similar or higher grades within
related college courses (Corbett et al., 2008; Xie & Shauman, 2003). While evidence of the closing of the gender
gap in STEM achievement at the national level is certainly positive, there is corresponding evidence that gender
gaps in STEM-related attitudes remain strong and constitute a primary reason why women are under-represented in
many STEM fields. In this study, we distinguish between two types of attitudes: personal attitudes or assessments
(such as confidence in STEM skills, interest, and intrinsic value) and perceptions of climate (such as the perceived
inclusionary context of a classroom and occupational field). As we discuss below, these are related but distinct
social-psychological factors that are among the key mechanisms behind women’s under-representation in STEM
fields.

Additionally, it is important to point out that disparities in attitudes are widely considered to be resultant of
socialization, stereotypes, and discriminatory interactions (either intentionally or not) that occur consistently
throughout females’ lives (Blickenstaff, 2005; Corbett et al., 2008). Research also tends to find that these attitudes
matter throughout the pipeline, such that girls’ less favorable attitudes appear first in middle school and high school
and subsequently help explain why they are less likely to enter STEM majors in college; yet even among those
females who do enter STEM majors, attitudes may continue to be an obstacle and deter persistence to degree, as
well as entry into a related occupation (Cech et al., 2011; Xie & Shauman, 2003). Finally, we note that research that
focuses specifically on engineering generally finds that attitudinal deterrents are similar (if more pronounced) to
those in other STEM fields such as physics and computer science (Cech et al, 2011).

Personal Attitudes

Seminal research by Eccles and her colleagues (Eccles,1994; Eccles, Wigfield, & Schiefele, 1998; Wigfield
& Eccles, 2000) seeks to explain women’s under-representation in many STEM fields via an expectancy-value
model. This theory posits that expectancies of success, defined as individuals’ beliefs about how well they perform
on current and future tasks, as well as their subjective task value, which includes interest or enjoyment and the value
that individuals assign to a domain or subject matter, are primary predictors of future choices. The many
applications of this model found in the literature offer strong evidence that females exhibit lower self-concept and
self-efficacy in their STEM-related abilities and express less enjoyment and value of these fields compared to their
male peers (AAUW, 2008; Blickenstaff, 2005; Correll, 2001; Creamer, 2012; Eccles, 1994; Eccles & Wigfield,
2002; Eccles, Wigfield, & Schiefele, 1998; Nagy et al., 2006; Riegle-Crumb et al., 2011).

Some studies have chosen to highlight one given dimension of the expectancy-value as particularly
important. For example, in her examination of a national sample of high school seniors, Correll (2001) found that
females’ lower confidence in their math abilities was a key factor behind the gender gap in declaration of a
quantitative-based major. Likewise, recent research by Cech et al. (2011) on engineering majors at four universities
also found that women had lower confidence in their future occupation-related skills than men. Importantly, these
disparities in self-concept and self-efficacy are independent of observable skills and performance, and likely reflect
prior socialization experiences where females come to believe that they are not as good at math and science as
males, downgrading their current and expected future performance in spite of evidence to the contrary (Corell,
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2001). With regard to engineering in particular, Goodman et al. (2002) found that almost half of females who left
the field had A and B averages in their engineering classes. This result is echoed by Borrego et al. (2005), who
found that among non-persisters, female engineering majors had higher GPAs than males. Indeed Concannon and
Barrow (2010) suggest that female engineering majors’ relatively lower confidence is a result of the fact that they
have higher academic standards than male engineering students.

Still other research informed by the Eccles et al. model focuses more intensively on gender disparities in
dimensions of subjective task values, such as the low value or utility typically assigned to STEM fields by females
compared to males, as well as lower interest in STEM fields (Brainard & Carlin, 1998; Lubinski & Benbow, 2006;
Seymour & Hewitt, 1997). For example, Frome et al. (2006) followed a group of approximately 100 high school
females who initially expressed aspirations to enter STEM occupations and found that lower intrinsic value placed
on math and science was a key factor distinguishing those who did not persist from those who did. Similarly,
Lubinski and Benbow (1992; 2006) found that even among the most mathematically-talented youth, females had a
lower preference for math than males.

Perceptions of Climate

Beyond personal viewpoints of skills and interest, gender differences in the perceptions individuals hold of
STEM fields is another important disparity that may predict subsequent inequality. We distinguish between two
such perceptions; the first centers on perceptions of the immediate classroom climate and the other focuses on
anticipation of the characteristics of the field as an occupation. For the former, theories of ‘chilly climate’ argue that
STEM classrooms are not gender-neutral environments; rather, females often feel uncomfortable and out of place
due to experiences related both to their numerical under-representation and the perception that their presence
violates traditional gender norms (Constantinople, Cornelius, & Gray, 1988; Hall & Sandler, 1982; Morris & Daniel,
2008; Seymour & Hewitt, 1997). The climate could be characterized by overtly and intentionally alienating acts,
such as negative remarks regarding females’ cognitive abilities, or characterized by perhaps less explicit deterrents,
such as lack of eye contact made by instructors and male peers, patronizing tones used in interactions, or minimal
effort made to include female students in discussions or study groups outside of class (Morris & Daniel, 2008). With
regard to engineering in particular, the strongly competitive climate of college courses may be particularly
discouraging to women (Goodmen et al., 2002). We note here that while a good deal of the prior literature on chilly
climate focuses on postsecondary classrooms, there is also evidence that females perceive advanced math and
science high school classes in a similar manner (Gilmartin et al., 2006; Riegle-Crumb et al., 2006).

Beyond actual or expected experiences in the classroom, gender differences in the perceptions of STEM
occupations are also important to consider. Prior research suggests that girls often have a very narrow, traditional
notion of STEM-related occupations that involves individuals working primarily alone in laboratories, who are
intensely dedicated to their profession at the expense of social and other endeavors, and whose work is brilliant and
highly esteemed, yet inaccessible to most people and removed from real-world applications (Osborne, Simon, &
Collins, 2003). While such a description does not specifically involve gender, it nevertheless has gendered
implications, as these values and traits are more consistent with a traditional masculine identity. Research finds that
because of a lack of accurate information, females often view STEM occupations in this traditional and quite
stereotypic perspective and, consequently, are less likely to aspire or persist to subsequent occupations (Barton, Tan,
& Rivet, 2008; Brickhouse & Potter, 2001; Buck, Clark, Leslie-Pelecky, Lu, & Cerda-Lizarraga, 2008; Farland-
Smith, 2012; Winn et al., 2011). Regarding engineering in particular, Reyer (2007) found that among high school
students involved in an university outreach program, girls had inaccurate perceptions of engineering occupations, for
example, as requiring genius levels of expertise.

Current Study

This study draws on prior literature to consider whether gendered patterns in a relatively new location in
the STEM pipeline, i.e. a high school engineering course, parallel or deviate from larger patterns of inequality in
STEM fields. Specifically, we pose three questions. First, to what extent is there a gender gap in enrollment?
Second, among those who enroll, are there gender gaps at the beginning of the year in personal attitudes towards
engineering, as well as perceptions of engineering climate? Third, do any observed gender gaps in attitudes at the
beginning of the year change or diminish over the course of the school year?
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Our study focuses on the first year of implementation of an engineering course in several Texas school
districts (following an initial pilot version the previous school year). This two-semester course was designed in a
collaborative effort involving university engineering faculty, clinical engineering faculty, and education faculty
(Berland, in press). It is an advanced-level science course available to juniors and seniors. The curriculum of the
course is challenge-based and utilizes cooperative learning throughout a series of multi-week design challenges.
Particular course activities included applying engineering concepts and design to everyday useful products,
including a camera and a hair dryer. Additionally, course objectives included highlighting the impact and
contributions of engineering innovations to improvement in society and meeting human needs.

In addressing our research questions, we seek to ascertain whether the gendered patterns of enroliment and
attitudes in this new high school engineering course mirror those discussed above in the broader literature on STEM
inequality. If the patterns are consistent with prior research on engineering and other STEM majors in college, as
well as advanced math and science courses in high school, then we would indeed expect to see both lower
enrollment and a gender gap in attitudes among those that do choose to enroll. And given the robustness of the
patterns described in the literature, it seems unlikely that any disparities in positive attitudes to engineering would be
substantially reduced over the course of the year, as they likely represent many years of exposure to negative
stereotypes and experiences.

On the other hand, it is also possible that given the newness of this course in the districts in which it rolled
out, those who are among the first cohorts of female enrollees may be far from the ‘typical’ female (deCohen &
Deterding, 2009). To the extent that they comprise a unique group of females who choose to enter this gender
atypical course, their attitudes and perceptions may closely parallel those of their male peers in the course.
Additionally, the course emphasizes several factors sometimes shown to be particularly appealing to female
students, including group activities and cooperative learning and a focus on the social relevance of engineering, as
well as a curriculum designed to be inclusive to diverse rather than traditional interests (Trytten et al., 2004).
Consequently, any gender disparities in attitudes observed at the beginning of the year might diminish over time due
to these course experiences. Such an argument is consistent with a recent study by Dell et al. (2011) who found that
an engineering outreach program for middle school girls, that incorporated similar design aspects, led to an increase
in positive attitudes to engineering. To consider these different possibilities, we now turn to discuss our survey
design, data collection, and subsequent statistical analyses.

DATA AND RESULTS

We collected student surveys from six schools in three school districts in urban and suburban settings
surrounding a large city in Texas that were offering a new high school engineering course in the Fall of 2011. The
average student enrollment across these schools was about 2000 students with a standard deviation of approximately
800. The average percentage of students who qualified for free and reduced lunch was 32% with a standard
deviation of 30.25. On average, 91% of students in these schools passed the 10" grade state accountability exam in
math (standard deviation=7.47). Finally, enrollment in the engineering course ranged from 5 to 83 with a mean of
29.

The project team asked the teachers of the engineering courses at these schools to administer surveys
asking students multiple-choice questions about their backgrounds and attitudes. Teachers were given pre-surveys
(paper with accompanying scantron forms) and asked to administer them within the first weeks of the Fall 2011
school year in order to capture attitudes before taking the course. Post-surveys were given in the last weeks of
Spring 2012 to measure attitudes near completion of the course. All students received consent forms and only those
who ch(gse to consent were included in the study, which was approximately 86% of all students enrolled in the
courses.

1 We chose to exclude one participating school from all analyses because only six students enrolled in the course and none were
female. Analyses performed with this school included did not alter any of our results.
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Are female students less likely than male students to enroll in the course?

In response to our first question, we found that female students were indeed under-represented. While
females comprised 50% of the student body at each school, the percent female in the course ranged from a low of
6% to a high of 30%. On average, females made up only 14% of engineering students across schools. To examine
whether the females that did enroll in the course differed from male students regarding social and academic
background characteristics (reported by students on the surveys), we calculated separate descriptive statistics for
each gender and performed a t-test to determine statistical significance. As can be seen in Table 1, there were no
significant differences between male and female engineering students regarding race or parent education level.
Additionally, males and females were equally likely to have taken courses in Pre-calculus and Physics. They also
reported comparable grades in math and English. The only notable gender disparity in student background was that
females were more likely than males to have a parent who was a scientist or engineer (p value=.05). Overall, the
social and academic background of both male and female students was remarkably similar.

Table 1: Background Characteristics of Engineering Students by Gender

Males Females
p-value of gender
Mean or Proportion Mean or Proportion difference

Hispanic 0.20 0.25 0.71
Black 0.10 0.00 0.13
Parent education level 2.80 3.15 0.22
Parent is scientist or engineer 0.30 0.50 0.05
Pre-Calculus 0.85 0.85 0.87
Physics 0.98 1.00 0.37
Math GPA 3.50 3.35 0.29
English GPA 3.34 3.50 0.31
N 153 20

Note: parent education is coded as an ordinal variable measuring the highest degree of both parents with the following categories:
high school degree, vocational degree, college degree, or advanced degree. Math and English GPA are ordinal variables ranging
from 1 (mostly D’s or below) to 4 (mostly A’s).

Are there gender gaps in attitudes at the beginning of the course?

To assess gender differences in personal attitudes towards engineering, we first constructed three scales to
capture critical dimensions of the expectancy-value model discussed above as developed by Eccles and her
colleagues (Eccles et al., 1983; Wigfield & Eccles, 1992; Wigfield,, 1994). They include: 1) interest in engineering,
2) intrinsic value of engineering, and 3) confidence in engineering skills. Additionally, we constructed two scales to
capture positive perceptions of engineering climate: 4) perception of classroom as inclusive and 5) perception of
engineering as a progressive field. The former is designed to measure a classroom where students feel supported
and comfortable, in contrast to a “chilly climate” discussed earlier. The latter scale is designed to capture an image
of engineering occupations that runs counter to stereotypes of the field as abstract and disconnected from real life
with inhabitants who are isolated and anti-social.

Interest in engineering is a scale of students’ average level of agreement to the following statements (Cronbach’s
alpha=.81): “I wanted to take [Engineering] because I am interested in engineering,” “I am interested in an
engineering career,” and “From what I know, engineering is boring”. Categories of response ranged from 1 (strongly
disagree) tzo 5 (strongly agree), and the last item was reverse coded so that a high value would indicate a positive
sentiment.

Intrinsic value of engineering is a scale of students’ average responses to the statement, “For me, being good in
engineering is...,” and the question, “Compared to your other activities, how important is it for you to be good at

2 The later two questions were taken from the “Attitudes of Engineering” scale from Hirsch and colleagues (2003).
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engineering?” (Cronbach’s alpha=0.81). Responses range from 1 (not at all important) to 5 (very important).®

Confidence in engineering is a 5-point scale (Cronbach’s alpha=0.68) of students’ average responses to two
questions: “Compared to other students, how well do you expect to do in engineering this year?,” and “I’m certain I
can master the skills being taught in my engineering class”.* Original response categories for the first question
ranged from 1 (much worse) to 5 (much better), and for the second question ranged from 1 (strongly disagree) to 5
(strongly agree).

Perception of inclusive classroom is a scale of students’ average level agreement to the statements, “I can relate to
the people around me in this class,” “My teacher thinks I could be a good engineer,” “I have a lot in common with
the other students in this class,” and “My teacher has high expectations of me” (Cronbach’s alpha=0.81). Response
categories ranged from 1 (strongly disagree) to 5 (strongly agree).

Perception of engineering as a progressive field is a scale of students’ level of agreement to the statements: “Most
of the skills learned in engineering would be useful to me outside of this class,” “If I became an engineer, I would
expect the same opportunities, pay raises and promotions as my fellow workers,” “Engineering plays an important
role in solving society’s problems,” “I would like to be an engineer because it provides more money than most
careers,” “I would have no problem finding a job if I had an engineering degree,” and “A career in engineering
would leave me time for family and leisure activities” (Cronbach’s alpha=0.63). Response categories ranged from
1(strongly disagree) to 5 (strongly agree).’

To determine the statistical significance of the gender difference in means on each of these five scales, we
utilized multi-level mixed regression models where each scale was the dependent variable and gender (coded
dichotomously as 1 for female and 0 for male) was the independent variable. The multi-level models estimate
standard errors that account for the clustering of students within schools (Rabe-Hesketh & Skrondal, 2008). We note
that this more statistically rigorous approach nevertheless yielded comparable results to more traditional independent
sample t-tests.® Additionally, in exploratory models, we added the measures of social and academic background
displayed in Table 1 as additional control variables. Doing so did not substantially alter any of the gender
differences in outcomes, which is not surprising as males and females had comparable values on all background
measures (with exception of more females having a parent that was scientist or engineer). Therefore, we chose to go
with more parsimonious models that did not include these other control variables.

Figure 1 displays means by gender for personal attitudes towards engineering. For interest in engineering,
we observe a significant gender difference of .67 (male mean=4.46, female mean=3.79, p<.001). We observe a gap
of similar magnitude (difference=.66) for the value students place on engineering, as males in the course place a
significantly higher value on this field than females (male mean=4.26, female mean=3.60, p<.001). Interestingly, we
see a smaller gender gap (difference=.27) favoring males for confidence in engineering (male mean=4.34, female
mean=4.07, p<.05). Clearly students enrolled in the course appear to have quite positive personal attitudes towards
engineering (with means close to or above a value of 4 on a 5 point scale), yet there is nevertheless a substantial
gender gap.

% These questions drawn from the Michigan Study of Adolescent and Adult Life Transitions (MSALT) and Wigfield (1994).

* These questions were adapted from Wigfield (1994) to focus on engineering instead of math or science.

® The statements used in the social inclusion and progressive perception of engineering scales were taken from the Longitudinal
Assessment of Engineering Self-Efficacy (LAESE) (Marra et al. 2009) and the Is Science Me (ISME) survey from the National
Science Foundation (Gilmartin et al., 2006)

® All analyses were performed with Stata statistical software.
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Figure 2 displays means separately for each gender for perceptions of engineering climate. We note that
males perceive the classroom climate at the beginning of the year as more inclusive than females (male mean=3.84,
female mean=3.46, p <.01). Likewise, males have a significantly higher score on the scale measuring perceptions of
engineering as a progressive field (male mean=3.89, female mean=3.56, p<.05). Therefore, at the beginning of the
school year, we see gender gaps across five different attitude scales.

Do gender gaps in attitudes decrease over the course of the year?

To determine whether gender gaps in attitudes changed from the beginning of the fall semester to the end
of the spring semester, we used multi-level models where observations of attitudes are nested within students, which
are, in turn, nested within schools; we also allowed the unexplained variance to vary between males and females
(Rabe-Hesketh & Skrondal, 2008). Analyses performed with repeated measures ANOVA vyielded comparable
results to those presented here. As seen in Table 2, the first column indicates the size of the gap at time 1 (displayed
in chart form in Figures 1 and 2) and the second column displays the interaction between gender and time, followed
by the accompanying p-value. A negative coefficient indicates a decrease in the gender gap (or male advantage) in
attitudes from Fall to Spring. While all are negative in direction, none are statistically significant. The only possible
exception is found for interest in engineering, where the decline in the male advantage is marginally significant
(p=.07). This result is driven by the fact that males’ interest actually moderately declines over the period (fall mean=
4.46, spring mean=3.98), rather than the result of any increase in interest among females (fall mean= 3.79, spring
mean=3.61). Additionally, we note that females” mean scores did not increase on any of the five attitude scales.
Overall, the results for our analyses indicate a general stability in the gender disparity in attitudes observed at the
beginning of the school year.

Table 2: Change in Attitudes and Perceptions by Spring of 2012

Fall 2011 gender gap A in gender gap from Fall
in means 2011 to Spring 2012 P-value
Interest in engineering 0.67 -0.28 0.07
Intrinsic value of engineering 0.66 -0.12 0.48
Confidence in engineering skills 0.27 -0.08 0.71
Perceptions of inclusive classroom 0.39 -0.09 0.62
Perception of engineering as a progressive field 0.33 -0.16 0.43

DISCUSSION AND CONCLUSION

In this paper, we examined gendered patterns within a new high school engineering course offered in
several schools in Texas. We found that female students were substantially under-represented in this course, as only
14% of enrollees were female. While these female students were comparable to their male peers on social and
academic background characteristics, they nevertheless reported significantly less favorable attitudes towards
engineering at the beginning of the school year. Specifically, female students had lower averages than male students
on personal attitude scales measuring their interest in engineering, the intrinsic value they placed on engineering,
and their confidence in their engineering skills. Additionally, female students perceived the classroom environment
as less inclusive in terms of feeling supported by teachers and peers and perceived engineering occupations as less
socially progressive (or more stereotypical) than male students. By the end of the school year, none of these gender
gaps in attitudes had significantly decreased.

The patterns we observe very closely parallel those described in the broader literature on STEM inequality,
including the research on gender disparities in engineering at the postsecondary level (Cech et al., 2011). The
female students who enrolled in the class clearly represent a distinct group by virtue of their choice to enter a class
where they are the strong minority. But even within this select group, disparities in attitudes remain. And despite the
focus of the class on the social relevance and direct application of engineering to improving every day life, and the
use of cooperative learning and group activities (Berland, in press), the gender gaps in attitudes that were apparent at
the beginning of the school year remained robust at the end. This speaks to the tenacity of attitudes towards and
perceptions of STEM fields, which are constructed and reinforced via the interactions and experiences of females
beginning from a very young age (AAUW, 2008).
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Yet we suggest that our study does have some direct implications for potential remedies to inequality. At
the beginning of the year, female students already reported that they felt the classroom was less inclusionary, despite
having been present for only a few days. Their responses likely, at least partially, reflect their fears as well as their
expectations based on their experiences in previous advanced math and science classes. Armed with the knowledge
that their female students feel less included, teachers can proceed proactively to better integrate girls into the
classroom. They can also be sure to give positive feedback to help combat the lower confidence that girls feel
regarding their engineering skills.

Additionally, we point out that our data was collected during the first year this course was offered
(following the pilot year in 2010-2011). Teachers and administrators can actively work to recruit more females into
the course in the ensuing years. Furthermore, the state of Texas’s recommended graduation plan now includes four
years of science, and engineering is one of the few advanced science courses available after students complete
physics. Just as increasing math graduation requirements were at least part of the reason behind the emergence of
gender equality in calculus course-taking nationwide (Xie and Shauman, 2003), these increased science
requirements may eventually lead to greater female enrollment in engineering. While an initial influx of female
students into the course may be driven more by practicality rather than interest, it could nevertheless result in
changing the gender composition of the classroom to a more equitable one, and, therefore, one that may feel more
comfortable for female students.
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